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¢ Space Radiation Program Element Requirements 
¢ NASA Permissible Exposure Limits 

¢ Non-cancer PELs 

¢ Cancer PEL 

¢ Research Focus 


rated Research Plan Meets 


cy Requirements — 


yancer PELs, Short-Term/non-cancer (CNS, CVD, 


rch necessary to enable the development and 
ocumented in NASA - STD- 3001, Vol.1 and Vol. 2. 
5.1.6 The SR shall qualitatively or quantitatively assess the Space Radiation-applicable 
risks 
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Risk Mitigation: Physical and Biomedical Countermeasures 


5.2.5 The SR shall develop countermeasures and technologies, or provide research 
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6.4.3 The SR shall develop methods and technologies to reduce human systems resource 
requirements (mass, volume, power, crew time, etc.). 


From: HRP-47052, HRP Program Requirements Doc 
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A ncer Carocl PEL meol-\telame liye or GCR & SPE shielding, 
mission duration, and crew selection - 
¢ Mission driver: younger female crew have highest risk (highlights importance 
of age and sex dependence) 
« By exceeding Cancer PELs & accepting increased risk — begin to exceed 
thresholds for CNS and CVD risks 
— Research with animal models shows changes to the CNS occur at HZE 
exposure levels in range of concern to NASA - 
¢ Significance to morbidity in humans (in-flight or late) and modification of risk 
by other spaceflight factors not understood 
— Evidence for elevation of CVD risk at doses as low as 0.5 Gy - 


¢ Studies of A-bomb survivor data and epidemiology data from occupational 
and medical exposures — which will impact %REID career limits 
OUT dc=1a) mace) aire) | (om ada logia’emOr-lale-lemlacaillelslmex-lalie-lM\(-)arcelet mod cy (clin) 
(CNS), Cardiovascular, Acute Radiation syndromes, Late CNS 


Current Radiation PELs are documented in 
NASA Space Flight Human Systems 
Standard Volume 1, Rev A: Crew Health 


PELs are in place to prevent clinically 

Sle falliterclalmr-(ehUclesyomeloicere)petc\om-larelce)malianiit 
risk to a level that NASA deems acceptable 
to the crew 


PELs are in place to protect against both 
short-term and late health effects 


PELs are important for mission design 
Hates (u(oflateMAV=lal(ey(-mel>ty(e]amesial(=1ellale| 
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NASA Permissible Exposure Limits 
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NASA TECHNICAL NASA-STD-3001, 
STANDARD VOLUME 1, Revision A 
w/Change 1 


National Aeronautics and Space Administration 

Washington, D.C. 20546-0001 

Superseding NASA-STD-3001. Volume 1 
Change 1 Approved: 02-12-2015 


NASA SPACE FLIGHT HUMAN-SYSTEM STANDARD 


VOLUME 1, REVISION A: CREW HEALTH 


MEASUREMENT SYSTEM IDENTIFICATION: 


APPROVED FOR PUBLIC RELEASE — DISTRIBUTION IS UNLIMITED 


Bac ckground 


Congress has chartered the National Council 
vo) aM at-(elt-Vicel am aameli-xe1d(o)ame) Olatad come llire(-) 
mt=Xe (=) 0-1 M-le(-Jalel(-t-meo)ame-lelr-licelamiinlite- are, 
procedures 


NCRP guides NASA on astronaut dose limits 


Basis for current PELs - NCRP Report No. 132 
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Ny ‘SA Permissible Exposure Limits - 


NCRP REPORT No, 132 


RADIATION PROTECTION 
GUIDANCE FOR ACTIVITIES 
IN LOW-EARTH ORBIT 


NASA Permissible Exposure Limits - 
OFT aler= 14 


Oxf I sure Oe a. oath h (RE ID) from fatal cancers, measured at the 95% 
confidence level 


¢ Less than 1 in 33 chance of early death 
¢ Best estimate is 15-years average life 


Radiation Standard 
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erslaleicia System Standard Volume 1) 


¢ Confidence level depends on exposure 
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Based on 1989 comparison of risks in “less- 
safe” industries 


Probability 


4 


% Risk 


95% Confidence Interval 


95% confidence is conservative and is 
Talts)are(svomcom-\evere Ul alm re) muUlaler=larcllaliicss 
inherent in risk projection model — vary from 
50% = <300% 


Cancer Risk Assessment — NSCR2012 
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LSS Incidence Rates Assumption: \ 
(a, 2, Gender) Excess Relative or HZE nuclei effects 
Additive Risk {ERR/EAR) can be scaled 
U.S. Average and NS to }reys? 
Cancer|, M, and 
All Causes Mortality 
Tissue Specific Cancer Rate 
Dose and Dose-Rate (Mortality/Inddence) 
Effectiveness factor, Rate » f(ERR, EAR, DDREF, F(E,Z), E(EZ)) 
DDREF Assumption: 
Risk is linear and 


Radiation Quality additive over mixed high- 
(Solid /Leuke mia) and low-LET env. ? 
Track Structure Risk 
Cross Section, L(E,Z) REID or REIC 
US Ave/NS (age/gender) 
Tissue specific particle Assumption: 
spectra F(E,Z) Individual Sensitivity 


and organ dose eq, H; ignored? 


Mission/ Astronaut 
Specific Cancer Risk 
and Uncertainties 


Flow chart for REID and REIC calculations 
F.A. Cucinotta, M.-H.Y. Kim, and L.J. Chappell. 2011. Space 
Radiation Cancer Risk Projections and Uncertainties— 
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Table 7—Example Effective Dose Limits in Units of Sievert (Sv) for 1-Year Missions 
resulting in 3-percent REID Point Value, Assuming an Ideal Case of Equal Organ 
Dose Equivalents for All Tissues and No Prior Occupational Radiation Exposures* 


Females 


Age (yr) Avg. US Adult Never- Avg. US Adult Never- 
Population Smokers Population Smokers 


044 0.78 Sv 


ons PtSC*dC(i‘iSS 


*Reference table 6.2, Cucinotta., et al.. 2013 


¢ The relationship between radiation exposure and risk is age- and sex- specific 
related to latency effects and differences in tissue types, sensitivities, and life- 
Spans between sexes 
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be applied to these values 


Mm at-Kelt-lilepmeler-liia\aeme) 
¢ Qualitative and quantitative 
differences between space 
radiation compared with x-rays Tota 
or gamma rays 


Radiation Quality 


¢ Dose-rate reduction factors renee 
os BY) of Valo l-Valer-Me) mal) @elamiat— _ | 

dose rates encountered in ncrose Populations 

space bse 


Errors in Human Data 


¢ Epidemiology data 
¢ Statistics, Bias, Transfer to US Bienes 
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¢ Measurement dosimetry, space 
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Fold Uncertainty 


Major Uncertainties in Cancer Risk Model 
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Females 


BFO (leukemia) — |___ stomach 


COLON BFO (leukemia) 

stomach COLON 

bladder OVARIAN 
liver BREAST 


remainder organs remainder organs 
prostate liver 


esophagus bladder 


brain brain 
oral mucosa esophagus 
skin uterus/cervix 
testes oral mucosa 
thyroid=0 skin 
thyroid=0 


Safe Days in Space: Current State of Knowledge 
(Not to Exceed 3% Cancer REID) 


GCR Solar Minimum GCR Solar Maximum GCR Solar Maximum with King SPE 
2000. —<$ A 


Short Stay Mars 


600 


500 


Deep Space Habitat 


Days 


. 300 
aw 1 Year Lunar Equivalent 
200 200 
100 100 
0 0 
30 35 40 45 50 55 60 30 35 40 45 50 55 60 
Age & Sex Age & Sex Age & Sex 


™Males ™ Females 


Mission Duration 
Short Stay Mars: 621 Days — — 
Deep Space Habitat: 364 Days --- 


1 Year Lunar Stay: ~230 equivalent days in free space needed — - 


Note: 20g/cm? NSCR 2012_V2 never smokers 


, NASA Unique Research 
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Mitigating Risks 
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— Mixed field effect 


cells & animals 


GCRsim reference LET spectrum 


tm BY) of Valo l-laler-Meo) mal) @elam iil Me (os-t-M-lalemelel\-mr- 1-1) 
man O70) al iglolul((olameoym (o)amt-lge[-1(-1eM=1IKo1e1ks) 


¢ Synergistic Effects of Spaceflight 


Risk Characterization 


A-bomb survivor data 


10! 
LET (keV/tum) 
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ASA research 
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Non-linear contribution 
of non-targeted effects 


Chronic _ _ - 


10 100 


Dose (Sv) 
Morgan, Health Phys. 2009 


>\ rity of non-stochastic effects increase with 
where clinical effects can be observed 


in general considered to be related to a 
signific tw olerel Ul aalalem-lele\yi-m lal-mialects)ale)(e melanie lareii(e)aral 


Tvectancvalal 


eShort-term dose limits are imposed to prevent clinically significant non- 
cancer health effects including performance degradation, sickness, or death in- 
ilte}ayt 


eCareer dose limits for cataracts, heart disease, and damage to the central 
nervous system are imposed to limit or prevent risks of degenerative tissue 
diseases (e.g., stroke, coronary heart disease, etc.) that occur post-mission 
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Table 1—Dose Limits for Short-Term or Career Non-Cancer Effects (in mGy-Eq. or mGy) 
Note: RBEs for specific risks are distinct as described ree 


Organ | 30-day limit 
1,000 mGy-Eq 2000 mGy-Eq 4,000 Ces 


Skin 6.000 


Not applicable 


Circulatory System** | 250 | 500 1000 
1,000 mGy 1,500 mGy 
CNS*** (Z210) = 100 mGy 


*Lens limits are intended to prevent early (< 5 yr) severe cataracts (e.g., from a 
solar particle event). An additional cataract risk exists at lower doses from 
cosmic rays for sub-clinical cataracts, which may progress to severe types after 
Koyatom t-\\= elena @mtom'a0 m-lalem-laom ale)m ©)c=y',-valt-le)(smehvyars>.disiilalemanlitier-lile)amantsr- sie] a otop 
however, they are deemed an acceptable risk to the program. 


*““Heart doses calculated as average over heart muscle and adjacent arteries. 
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The Gray-Equivalent based on relative biological effectiveness factors 
(RBEs) are used to calculate the effective doses for non-cancer effects 


G; = Tissue specific Gy-Equivalent 
RBE = Relative Biological Effectiveness 
D;= Tissue dose 


Table 2—RBE for Non-Cancer Effects’ of the Lens, Skin, BFO, and Circulatory Systems 


Recommended RBE? 


1 to 5S MeV neutrons 


5 to 50 MeV neutrons 
Heavy ions 
Proton > 2 MeV 


Note that the RBE for Central Nervous System (CNS) non-cancer effects is largely 
unknown and, therefore, a physical dose limit (mGy) is used 
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for sub-lethal doses with a latency time inversely 


LEO) due to protection by Earth’s magnetosphere 
ere protection by magnetosphere is lost 
¢ SPEs can be effectively shielded; however their occurrence and magnitude are difficult to 
predict 
¢ Uncertainty exists about the magnitude of acute health effects from whole-body exposures 
to protons from an SPE, which are characterized by a high degree of variability in dose 
distribution in the body as well as by dynamic changes in dose-rates and energy spectra 


ajor Sources of Uncertainty: Dose-rate, 
Talate}anteye(=\al=rel0 ism Byessy-m BJIsjra]elUlice)am-lalem lan) ey-\e1me)| 
Radiation Quality of Protons, combined effects of 
microgravity 

How do these parameters influence the BFO dose 
limits? 
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Annual PELs 
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lat=)aars ite) eje)(=yi(emsy’A-1(-)p0 Mice) anie(=)6)(>1ile)am el-v(e) var- mera licersl milan it 
¢ Also, considered to be adequate to project against the risks of symptoms associated 
with the prodromal phase of ARS, such as nausea, vomiting, and fatigue 
ai at=me lO he l-\ars) Cam ealim ism ialis)ace(svomm (om e)ge)t-\eymr-\el-lalsimltMs).qlamere)an)e)i(er-lice)arcm(el-ianerel 
atrophy, fibrosis, necrosis, telangiectasia) 
¢ Also, considered to be adequate to protect against early, acute skin effects such as 
erythema and desquamation 


| Organ 30day 1/Year Career 


Major Sources of Uncertainty: Dose-rate, 
Talate)anefe(=1al-\e) ets Blo}\-m DJIjialelelue)am-vare 1500 3000 6000 
Impact of Radiation Quality of Protons, mGy-Eq | mGy-Eq | mGy-Eq 


(oxo) an ejiat=vom=yii>(euksme)manl(ecelele-\alhy BFO 250 500 NA 
me) me (om tal=ssXom OY-1e-Uanlo1(c lem Alls yarex>m tals, Gy-E Gy-E 
BFO dose limits? La tS WE et 


°* PELs inform mission design, vehicle shielding and storm shelter 
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Risk of Cardiovascular Disease 
lige) tniee) oy-(er-Mart-lelt-licelaM =>4elel-lel a=) 


tar eRe Meeice later in life 
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at doses as low as 0.5 Gy 
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— Effects are considered deterministic, with an associated threshold dose; 
however recent evidence showing risk at lower doses questions this 
assumption 


¢ Preliminary risk assessment models are being formulated based on recent 
epidemiology data for lower dose low-LET exposures — future risk 
estimates will depend on high LET research results 


er Nocoliiceyar-|murceyar-liiavmr-lacemuscelae)(oliamat-) €m ce) malelabrer-laler-) mel ti-1- [yo me) ma al=) 
cardiovascular system are of concern because they could increase REID 


values 
19 19 


~\ Cardiovascular Disease from of: Cer- i at-lelt- Life) e 
Research Focus 


ees 1OCUS@enon Understanding and quantifying the risk of 
Sel olevescuiel Wlsedse admeeeace relevant exposures in support of validating 
PELS and development ommisk assessment models 


ee vegies eee seen mi did latency for low dose heavy ions 
- Establishing dose thresholds for heavy ions 


- Understand qualitative differences between GCR and gamma-rays to 
quantify RBEs 


Organ 30day 1Year Career 


- Dose-rate effects 


500 1000 
| mGy-Eq| mGy-Eq | 


Ore alilcaclaltcaiccuactcniicucechnlilimisaedeCcahicn mrt leith miateliest 
for cardiovascular diseases to be below a few percent, and are expected to be 
FeVget=)\Var-lotour- tare me[=1are(olaulacel)el-vare(=vayt 


RBE’s to assess risks/limits for the cardiovascular and CNS are largely unknown — research 
required to inform PELs 


Cognitive and Behavioral Central Nervous 
System Risks from Space Radiation 
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— possibility of acute, in-flight functional 
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— possibility of late neurological pathologies 
such as early onset dementia and other 
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recognition, risk decision making, vigilance, 
reaction time, processing speed, circadian 
regulation, fatigue and neuropsychological 
(o1arelalelsise 


Eating, sleeping apq working in space. 21 


In-flight/Late CNS Effects from Space 
Radiation Research Foc iS 
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— Establish possibility of dose thresholds 
Organ 30day 1Year Career 
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effectiveness for CNS risks are highly mG 
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are expressed in mGy; with a separate CNS 
limit for heavy ions with elemental (z> 10) 
charge >10 absorbed dose (in mGy) = 


